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JPL Formal Functional Test Designs

Test Design Methods

Most Common Methods of Test Design Specification

. Representative set of “normal” cases selected

@ Generate all permutations and then eliminate invalid cases

* Generate test cases ad-hoc .

Category Partition With Test Representation Language (Tf?L)

Can generate all cases or just “normal” ones

Allows rapid elimination of undesired test cases

Confidence that all important test cases are generated

Easy specification and review of test set designs

JMH 9f29192
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JPL Formal Functional Test Designs

Category–Partition Method

● Background

. Ostrand and Baker, 1988
Siemens Research Corporation

● Similar to other specification-based techniques

● Unique because it provides a systematic approach and a
method for formaI test specifications .

● Method .

● Functional Decomposition

● Category Analysis

. Partition Value Analysis

. Partition Constraint Analysis

JMH 9129192
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JPL Formal Functional Test Designs

Category–Partition Method (cont.)
Functional Decomposition - -

Decompose specification into functional units to be tested
independently

Identify parameters that affect the behavior of the system for
each functional unit

Types of parameters .

user input .

input form external interface
environmental input
output to programluser
output to environment
change in program or environment state
sequence of events

Examples

sort integer array in either ascending or descending order

JMH 9129192
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JPL FormaJ Functional Test Designs

Category–Partition Method (cont.)
Category Analysis

Properties or characteristics of a parameter

Example: parameter ARRAY

Properties: size, values, value arrangement

Identify major categories for each parameter
.

Note how the functional unit behaves with respect to the
category

Often exposes ambiguous, contradictory, or missing
descriptions of behavior

JMH 9129192
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JPL Formal Functional Test Designs

Category-Partition Method (cont.)
Partition Value Analysis “

f

Group of category values that have the same overall effect on
functional behavior

Partition each category into distinct choices

Include all possible kinds of values

Choose values to maximize error detection

boundary values (valid and invalid)
special cases (0, ~, -1,2, . ..) ‘
special interactions (program to program, program to

environment)
Partitions are used to build each test case

Example
Category: Array Size

Partition Values:
o
1
2 to Upper Bound minus 1
Upper Bound
greater than Umer Bound

JMH 9/29/92
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JPL Formal Functional Test Designs

Example

Functional Specification

● Sort integer array in

Application of Method

either ascending or descending order

Functional Decomposition

. Parameters: Array, indication of sort order, result

Category Analysis
.

0 array size
array values
value arrangement
sort order
result

JMH 9129192
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JPL Formal Functional Test Designs

Example Application of Method (cont.)

Partition Value Analysis

Cateqorv

1. array size

2. array values

3. value arrangement

4. sort order

5. result

1.

2.

3.

4.

5.

Partitions

0, 1,2 to Upper Bound minus 1, Upper
Bound, greater than Upper Bound

all zero, all same but non-zero, all
negative, all positive, mixed tO.
minimum before max, maximum
before min

unspecified, ascending, descending

error notification, array unchanged,
array in ascending order, array in
descending order

JMH 9/29/92
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JPL

Partition

1.

2.

3.

4.

5.

Formal Functional Test Designs

Example Application of Method (cont.)

Constraint Analysis

Partition Values

array size
● O, greater than upper bound ●

● 1, 2 to upper bound minus 1, ●

upper bound
array values
● all zero7 all same but non-zero ●

all negative, all positive, mixed:0
● don’t care o
value arrangement
. minimum before max, ●

maximum before min
● don’t care ●

sort order
● unspecified ●

● ascending, descending ●

● don’t care ●

result
● error notification o
● array unchanged ●

. array
● array

n ascending order ●

n descending order @

Constraints

error-occurs once
no constraints

2 c = size c upper bound

if error or size = 1 ‘

z < = size< = upper bound,
values are not all the same
if error or size = 1 or values are all the same

error--occurs once but only if no other errors
occur

2 c = size c = upper bound, values are not all
the same

if error or size = 3 values are all the same

if error
size = 1 or values are all the same
sort order = ascending
sort order = descending

JMH 9/29192
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JPL Formal Functional Test Designs

Test Representation Language (TRL)

o
I

~
@

●

●

Formal test specification language to be used with the Category-
Partition Method

Concise and uniform representation of test set design

Produces individual test cases from a short test representation

TRL processor reads the formal specification and creates test
case descriptions based on the categories, sample values, and
constraints. Available for DOS, SPARC, or in Generic “C”.

AI1OWS test representations to be easily created and
subsequently analyzed

Can be easily modified to adapt to changes in functional
specification, or a desire for fewer or more test cases

Can be used in test plans and procedures for systems,
programs, and modules

JMH 9/29/92
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Formal Functional Test Designs
T R L  S u m m a r y  -

Character or Keyword
*

DESCRIPTION

PARAMETERS

NAME

TYPE

SAMPLES

[

1
IF

Purpose and/or Usaqe

Indicates a comment line.

Indicates the starting of a description block
that will be included in test cases.

Indicates the beginning of parameter
specifications.

Specifies the name 6f a parameter or category.

Indicates the type of category.

Indicates beginning of a samples b[ock
defining the partition values and constraints.

Beginning of sample value constraint field.

End of sample value constraint field.

Field identifier indicating that pre-condition
constraints are listed in the current field.

I

Comma (,) is used for logical AND, excla-mation
(!) for logical NOT.

JM!i 9[29/92
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JPL

Character or Kevword

SET

LIMIT m

LABEL

ERROR n

MESSAGE n

Command Line Options

Formal Functional Test Designs

TRL Summary (cont.)

Pur~ose and/or Usage

Field identifier indicating that post-condition
constraints are listed in the current field.

Field identifier indicating that the number of
test cases involving this partition value should
be limited to m. If m is unspecified, the limit is
one test case. .

Field identifier indicating that the specified
label should be listed for this partition value.

Field identifier indicating that the sample value
is an error exit. The error can be specified
using the optional n.

Indicates that a message block follows
corresponding to the errors in the partition
values. The message number can be specified
using the optional n.

For performing “count only,” writing results
into separate files, and for including pre/post
conditions in output.

JMH 9/29192
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JPL Formal Functional Test Designs

Example Application of Method With TRL

Functional Unit

● Sort integer array in either ascending or descending order

Step 1. Apply Category–Partition Method to obtain Categories
and Partition values

Add in DESCRIPTION, PARAMETERS, NAME, TYPE,
SAMPLES, and sample values for unconstrained
representation.

Number of test casess  1440

Step 2. Determine which Partition values are errors and their
corresponding messages

Add in [ERROR] indication and MESSAGE lines

Number of test cases= 651

JMFi 9129192
15



JPL Formal Functional Test Designs

Example Application of Method With TRL

Step 3.

Step 4.

(cont.)

Determine Pre and Post condition constraints or
partition values.

Add in [IF] and [SET] fields

Number of test cases= 32 .

Modify test representation as needed ‘

Add in [LIMIT] and [LABEL]

Number of test cases = 24

JMH 9129192
17



*+**+****~*+*~**  ~******+*******~~  +*******+++**+~~~ ~~*~++****+*~~*h*A ******+*+
q’ .SIEP 4. ADD [LIMIT ] A N D  [LABEL ] *
******+********  *A******+*~****  *************** ~*+****iA*A****  *********A*+***  AA
A

DESCRIPTION
*

T e s t  R e p r e s e n t a t i o n  f o r  S O R T  r e q u i r e m e n t .
Fi le  Name: SORT I-4. TRL
V e r s i o n : 1 . 4  E r r o r s / M e s s a g e s / C o n d i t i o n s / L i m i t s / L a b e l s
L a s t  M o d i f i e d : 7 / 2 2 / 9 1
M o d i f i e d  B y : J. Hops

*
*
PARAMETERS

TYPE I n p u t - C a t e g o r i e s  f o r  P a r a m e t e r :  A r r a y

NAME a r r a y  s i z e
SAMPLES
*
* 5  p a r t i t i o n s
*

O  ( a r r a y  u n s p e c i f i e d )  ‘

1  ( d e g e n e r a t e  a r r a y )

2 to Upper Bound minus 1

Upper Bound

greater  than Upper Bound

*

MESSAGE 1

[ERROR 1]
S E T  e r r o r ,  d e n t - c a r e ]
LABEL error  condit ion ]
S E T  size__l,  dont_care  ]
LABE1  d e g e n e r a t e  a r r a y ]
S E T  size_ok  ]
LABEL val id]
SET s ize__ok ]
LABEL valid upper bound)

ERROR 2]
S E T  e r r o r ,  dont_care]
LABEL  i n v a l i d  a r r a y  s i z e ]

A r r a y  s i z e  o f  O  i s  i n v a l i d  o r  a r r a y  s i z e  i s  u n s p e c i f i e d .
A r r a y  s i z e  i s  g r e a t e r  t h a n  t h e  U p p e r  B o u n d  o f  s i z e s

*
*

NAME a r r a y  v a l u e s
SAMPLES
*
*  5  p a r t i t i o n s ,  1 d o n ’ t  c a r e
*

a l l  O ’ s

a l l  t h e  s a m e  b u t  n o t  O

a l l  n e g a t i v e

a l l  p o s i t i v e

mixed +/-/0
d o n ’ t  c a r e

*

[IF size_ ok]
[ S E T  all-_ same,  dont_care]
[ IF s ize_ ok]
[ S E T  all_same,  dontcare]
[IF size_ ok] [SET min.max]
[L IM IT  4 ]
[ IF  size_ok]  [ S E T  min-_max]
[1.lMIT  41
[IF size~ok]  [ S E T  min-max]
[ IF  dent_ care]



NAME v a l u e  a r r a n g e m e n t
SAMPLES
*
* 2  p a r t i t i o n s ,  1  d o n ’ t  c a r e
*

m i n i m u m  before  m a x  [ I F  s i z e  o k ,  m i n  max]
m a x i m u m  beforemin  [ I F  size~ok,  min~max]
d o n ’ t  c a r e [ I F  dont_care]

A

IYPE I n p u t - P a r a m e t e r :  S o r t  orcler

NAME s o r t  o r d e r
SAMPLES
*
* 3  p a r t i t i o n s ,  1  d o n ’ t  c a r e
*

ascending [I F’size_ok,  min_max]  [  S E T  a s c e n d ]
descending [ IF s ize-ok,  min_max]  [  SET descend)
unspecif ied [ERROR  3][IF  s i z e _  o k ]

[ S E T  e r r o r ,  d e n t - c a r e ]
d o n ’ t  c a r e ,[IF d e n t - c a r e ]

*

MESSAGE
S o r t  o r d e r  i s  n o t  s p e c i f i e d

*

IYPE O u t p u t  t o  p r o g r a m  o r  c h a n g e  i n  s t a t e

NAME result
SAMPLES
*
* 4  p a r t i t i o n  v a l u e s
*

e r r o r  n o t i f i c a t i o n [ I F
array unchanged [ I F
a r r a y  i n  a s c e n d i n g  o r d e r  [ I F
a r r a y  i n  d e s c e n d i n g  o r d e r  [ I F

*

e r r o r ]
dent-_care]
ascend,  min max]
descend,  mifi_max]
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lNPUT/OUTPUT:

BODY:
*
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A
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I’M:
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d .
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f.
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11:32:0526 Jan 93 Build 1 I“est  Designs. 1-0 F’-Spcc 1.4.?;5: Signs page 2

N()}<MAI, - crf,cr;!t i oridl [S1:’1’  r)or m I ]
[11’ rcq vdlid]

I) I:(;I{AI)},I)  - mrqirla 1 [S1’1’ ci<qrddcci, r)ot rlorm 1 ]
[11’ rcq valid]

l’A1l I}I) - out of :,crvic( 1S1’1 fc)i led, not norr,: I ]
[11” f{g vdli[i]

dc]r~’ t cdrc [11 !rcq vdlid]\SIF’1  r,urmal]
*

‘I YI’I ‘1’1 S’i IX I,(’W)I(IN A(”l IUA

NAMI Of,cra(or  l)ir(c( iw va]jdity
SAM I’I, },S
i
*

*

Jet Propulsion Laboratory, Section 333
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SAMI)I,KS
A
A

1
i

NFW OJ)erat or I)j rcc[ ive ()~>t iorl: R(’
Sml’lll,s
%

S1’,’l’ 1 F] [11’ rlorrudlt rcq V;II id
S1’,’l’ 11’2 [It’ r)orrm]  , rcq v;] 1 ~d
Sl”l I I 3 [It’ r)orrml, rc(~ v;lli(i
dor,’~ cdr( [11” !rcq v:]] id]
dor)’ L cdrr [ II rlo[ r)arrhdl ]
A

‘1’ YI’I’ ‘1’1S1’ ANALYSIS ?\Nl) lXI)I;(’’I’I 1) }/1 SUI,’IS

I irl~)ll~ char) r)cls

SIT want ;I ]
Sl:’1’ wdr)t t)]
St’]’ wdr)t c1

[SF’I ur)ct)i, r)qcd]

NM Rtli Rc:,; mr)5( decor (i i fIc; L c [Ii s;) I dy

Jet Propulsion Laboratory, Section 333
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‘1’KS’I’ ANALYSIS AN[) I, XI”I:C’I’1 ,1) }< I, SUI,’I’S

l{Mrl’ IK’spcrr)sc accorciirlq  to l)is@ay >
> Conl[)l(’tc - corlf~qu rat i or) ct]anqe r(fl(c(:l dir((:( iw SC(UF1

NO error ((]r)ditjc)r):i  (xi:,(

I’ARAMI’TI,I{S :

‘)1:S’)’ EXI(’U’I  ION A(’’I’ION

()~](,rd(or  I)ir(,(t iv( vdl idi(y >
> rrqu(,:,t syrildx is valid

()~mrdtor  I)ir((( ivc of]( iorl: 1{(’1’  Id. >
> 1

‘I’t SrI AN AI YSIS ANI) lhX1’1(’’l’l,l)  }{1’SUI,’J’S

Jct Propulsion l.aboratory,  Section 333
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S1’’~’U}’ ot” I{ V}< fl/W SUI!ASSI;,M131,11,S

}{ Cl’ ()[rrdhj  1 ity SI:I(LI:T
> NORMA] - o[jcr
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11:32:3826 Jan 93 Note 756 page 5

‘1’1S’1’  IXI;CII’J’I ON ACTION

ofx, ra(or I)irc CLivv validity >
> request syritdx is va] ic~

()~wra(or  l)irr.’c[ivc  option: Ml’ ld. >
> 1

‘1’t:S’l’  hNAIYSIS  ANI) l;XI’F(’rl’t; l) R} SUI’)S

No (rtor (’c]rldit  ions exisl

I’AI(AMI’TIRS :

‘I I:S’J’  lX(’lJ’I 101$ A(’’l’}[)N

Jet PropulsionL aboratory, Section 333
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‘1’INS’J’  ANAIYSI S ANI) l’, Xl’1:~’l’}[) 1{1S1111’S

l’Al{AMl:rl’l:RS  :

SI;,’I’UI’  01 I\ VI< n/W :; Ul}Afi:il’,Ml\l,l  t,:; hh![) ‘I’l,:;rl Sl(; N~\l, (;!N! I< A’I()!{

‘l’l;S’)’ I’, XI:(’U’I’ION  AC’I’ION

()~wrd~or l)ircc~ ivc ()[1 Lior): 1{(:1’ Id. >
> 1

(j~)pralor [)ir((:[ iv( ()[)( i or): 1{(’1’  11” irl~)dl (}jdrlrl(,ls >
> s},’]’ 1}”:1

‘11S’1’ ANALYSIS ANI) I: XI’1,(’’II,  I) RI, SUI,’I’S

>

>

>
“,, .

Jet Propulsion Laboratory, Section 333
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I’ARAMI;’I’IRS  :

S1:’l’ll}’  ()!’ l\VR n/W S[ll{ASSF,Mljl, IF, S AN[) ?’1, S?’ SI(; NAI, (;} NI, I< A’I’()]{

‘l’l(:;’l’ I, XI,(:U’JION  A(’’I’ION

‘1’1:S1’ AN AI, YS 1:> ANII [: X1’l;,C’l’l,l~ 1{1S111)’1’S

N(I (fror (or)(jit  iorl:, (,xi:,  t .

l’Al<AMITt’l{S:

Jet F’repulsion Laboratory, Section 333
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“1’t:;’l  I: XI,(:lII’I  ON A(:’1’l ON

op(ratcrr  I)jrcctivc Ili story >
> djrcct ivc cxpcc(c(i [C char)qc currc, r)t sctt inq

‘1’1S’1 AN AI YSIS ANI) I: XI) I:(’I’  IFI) R’SUI,’1’S

SI,’I”LII)  01 liVt{ n/W SLlliASSl,Pllll,l  l:S ANI) ‘1’ I,S’I’ S1(; NA (;l:,  NIRl\rl’ol{

q!:,:;’]  ],xI,(l)’J’ION  A(’’I’ION

>

>

>

-, - . ,. . . . ,. ,

Jct  Prowlsion  Laboratory. Section 333.
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o p e r a t o r  I)jrcctjvc OJ1[ ion : 1{(’1’  II’ ir)pu~ ct);)rln(,ls >
> Sl;’1’  11”)

‘11’, S’1’ ANALYSIS ANI) I: XI) I,(’’I’I,I)  R},S[)],’I’S

l)~\l<AM1’’l’l,l{:, :

SI’I’UI” 01” }\ VI{ n/W SIJliASSl,Mlll,l  l;,S ANI) ‘J’  I,S’I’  :,l(;  Nr\l, GI;  NI,RA’TO1{

‘l’l:S’l’ I, XI(’U’TION A(’T1ON

O})crd(or  [)jr(ctivc ()[)Lic)rt: I{CI)  I d . >

> 1

‘1l’$ ’1’ ANA I,YSIS ANI) t, Xl)l,(’’l’t:l)  }{ I, SL)I,’IS
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11:32:3826 Jan 93 Note 756 page 11

‘[ ’1S’1 l: Xk(’UI’lo N ACTION

()[,cr ator I)irc(:tjve vdlicijty >
> rquc:,~ syotax i s  V(I1 id

o p e r a t o r  [)irec(ivc [Iis(ory >
> doo’t C a r e

‘11’S’1’  ANALYSIS ANI) I, X} ’}, (’’II,  I) R, SU,’IS

NC error condi( ior)s cxi:, t

I] AI{ AMI:’I’I’RS:

S;,’l’[ll’  01” 13 VI{  H / W  Sl)13AS  Sl;,  Ml\l, 11, $; ANl)  ‘ 1  I,S’I  S  I(; NA1, (;[,  Nl, RA’loi{

‘TtS’l’  I’,X}:CU’I’ION  A C T I O N

Jet Propulsion Laboratory, Section 333
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OIIerd(o  I D i r e c t  iw ()[t iorl:  I{ Cl’  ld. >

> 1

‘l’l;S’l’  AN AI)YSIS ANII l:, XI’l:C’I’l:l)  Rl:, SU1’l’S

lhxp Qctcci Frequ(r]cy  at al] 4 l’11’I IJorts ac(ordirlq (o Sfx(trun Ar);)ly?(r >
> dorhtt Care

l’ARAFli:’l’l:RS:

I{ Cl’ opcrahility  Status (:l{t vi;] l)o(]r(i  irls(nlldt ion] >
> don’ ( c:ar(
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So ftTest
Release Level: 3.1 Release Date: 5/91—

SoftTest is a PC based tool that provides automated support for requirements based testing for any application,
language, or hardware environment, SoftTest  aids the testing process in four major areas, It aids in validating
system requirements by identifying all of the system’s elementary functions and logical inconsistencies in the
requirements specification. SoftTest will then detemine  the necessary tests that will ensure that 100% of
system’s functionality is tested. The tool also aids in project management by providing functional coverage
analysis and archiving of both new and existing test libraries, SoftTest provudes  quantitative measurements of
the testing process al]owing quantifiable completion criteria for the testing process.

SoftTest is the, only test tool currently available that utilizes a mathematically rigorous technique for designing and
evaluating functional test cases. This technique, called Cause-Effect graphing, is on the same time tested
algorithms that engineers use to test hardware logic circuits. The success of these algorithms can be seen in the
consistently high quality that we see in the integrated circuit industry,

.

I Information Date: 4/9 1

V e n d o r :
Bender  & Associates
484 Magllo]ia  Avenue
1’.0. BOX 849
larkspur, CA 94939
415*927*5863

Ciass
3’cs[ Managemen[

Ha-rdw=re  S u p p o r t e d  –

IBhfi I’C

. .. -—. .— ——. —.—... --————

Date First S o l d : 1987

Current Users: 100+
Price $2,500
Annual Maintenance: 20%
T r a i n i n g  $uppiied: N o
Triai  Avai lable: N o

D o c u m e n t a t i o n  Suppiied:  yes
Demo Avaiiabie:

Descriptors
Tes[ Case Generdtor

Language Supported

Yes

Test Activity Supported
Test Design
Test Planning

0/S Required

PC/MS-I)C)S

.——

1

s@13



T
Release level :  B2.02

.——
Release Date: 1/91

T is a tool that automatically genemtes  test case ii~pllt data from requirements information. T verifies the
testability of requirements, generdtes  test cases, documents test caes,  aaces between requirements and test cases,
and repom n ]e,trics for requirements coverage (Passed requirementsflota]  requirements ).

1’ is a specification based test case generator. It uses cause effect graphing, equivalence class partitioning,
boundary value analysis. function testing, error guessing, and fault directed test design techniques,

,

Information Date: 8/91

Vendor: Date First Soid: 1987
. . . .
Progr-ammmg  J5nvlronments, lnc,
4043 state }Iwy 33
_linton Falls, NJ 07753
90$j.9]8.  ()] 10

Ciass
NIl]lti-I)il])cl~sic)l)al

Hardware Suppor ted

Apollo
A1’&T 3EI
1)1’.C VAX
IIF’3000 & 9000
IIlhf PC

“——

Current Users: 280+
Price $7,000
Annual Maintenance: 15%
Training Supplied: Yes

Triai Avaiiable: No
Documentation Suppiied: Yes
Demo Avaiiabie:

Descriptors
Rcquiremenls Covcruge Amlyzcr
Rec]uiremenls Vcri(icr
1’cs[  LMa Gcncmtor

Language Supported
L.anguag,c  Indcpcndcl)t

——— --. ..—. — . .

Yes

Test Activity Supported
Tes[ Dcvclopnlenl

0/S Required

0s2
Pc7Ms Dos
LJNIX
VMS

CONTACT VENDOR FOR PRICING & MAINTENANCE INFORMATION


